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INTRODUCTION 
Slugs are common pests In greenhouses as well as in 
gardens. They are usually considered minor pest8> but occa¬ 
sionally their damage places them in the category of major 
pests. A large commercial greenhouse requested assistance 
in controlling these animals, and this focused the attention 
of the writer upon these molluscans. 
Slugs belong to the phylum Mollusoa of the animal kingdom 
along with clams, oysters and snails. The characteristics 
of the phylum are as follows: unsegmented and bilaterally 
symmetrical animals; with a head, a ventral muscular foot, 
and a dorsal visceral hump; with a shell secreted by the man¬ 
tle which covers the visceral hump; typically with one pair of 
gills; with the coelom reduced but never absent; with a well- 
developed blood system, and a heart consisting of a ventricle 
and two auricles in a ooelomio pericardium; and with a nesrvous 
system usually containing pairs of cerebral, pleural, pedal, 
and visceral gcinglia. Slugs are members of the class Gastro¬ 
poda. The characteristics of this class are: head well de¬ 
veloped and bearing tentacles, eyes, and a radula; foot 
large and flat; and sexes either separate or combined. Slugs 
belong to the order Pulmonata and the characteristics are: 
lack gills but have the mantle cavity developed as a lung with 
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a small external opening and a highly vascular dorsal wall; 
with a symmetrical nervous system; with only one kidney and 
one auricle; and hermaphroditic. The characteristics of the 
family Llmacldae« to which slugs belong« are as follows: shell 
reduced to a flat plate which Is usually wholly covered; with 
an oval mantle on the forward part of the baok« and extending 
forward In a free lobe under which the head may be retracted; 
with the breathing pore In the right margin of the mantle, 
behind a short slit to the edge; and the ventral foot with a 
band below the pedal groove. 
SlugS| being practically omnivorous^ attack many species 
of plants. These pests may Injure or destroy young seedlings, 
devour the foliage and shoots of more mature plants, feed on 
roots, bulbs, underground stems, buds and blossoms. They are 
usually Introduced Into greenhouses In turf, potting soil and 
manure, on the bottoms of empty orates and on pots and boxes 
that have been allowed to stand outside In damp, weedy places. 
Slugs are active at night and are found for the most part In 
cool, moist situations; during the day, except on damp cloudy 
days, they hide under stones, boards, debris and In tunnels 
and crevices in the soil. 
These pests are economically important, more so In grean<* 
houses than out in the field, because of the generally higher 
value of plants In greenhouses. If not controlled they may 
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eventually do much harm. Slugs are a serious problem to a 
grower who attempts to produce a high quality crop of flowers. 
Older methods of slug control were found to be effective 
for only short periods. Some of the various baits and dusts 
used are capable of reducing populations, but complete elimi¬ 
nation is rarely obtained.. The newer organic Inseoticldes 
&Lre almost non-effective against them. Because of this, the 
older materials and methods of control are still practiced by 
many. Even such materials as soot and sawdust have recently 
been suggested to keep these pests in check (Anon.,1952)• 
Metaldehyde dusts have been giving better results than the 
baits. These dusts may be applied directly on plants and on 
the soil without injury to the plant (Blauvelt,1962). 
' The writer has investigated some of the biology of D. 
retloulatum. the gray garden slug. The control of this 
species was also investigated. Preliminary control tests 
were conducted and from the data obtained control tests under 
commercial greenhouse conditions followed. 
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REVIEW OP LITERATURE - BIOLOGY 
Introduction 
Deroeeras retloulatum (Muller), like all slugs, is 
hermaphroditic (Coe,1944), which means that each individual 
is both male and female. The development of the male re¬ 
productive organs before that of the female protandry, tends 
to prevent the possibility of self-fertilization (Barnes,1948). 
Following mating, slugs may oviposit eggs singly or in a mass 
usually in a damp, dark location (Hawley,19). When laid in 
a mass, the eggs are fastened together by means of a membrane 
(plate 2). This membrane apparently enables the eggs to re¬ 
main moist for a long period of time (Carmichael and Rivers, 
1932). The egg clusters may consist of from 3 to 50 eggs. 
A single D. retS^oulatum has been known to reproduce upwards 
of 700 eggs in a year (Pilsbry, 1948). When hatched, the 
young are small replicas of the parent slug and like the 
parent have a remarkable ability to elongate and contract 
the body. When fully extended in travel, the body is elon¬ 
gate, narrow and nearly cylindrical; when contracted, it is 
shortened to less than one-fourth its former length, is thick, 
stout and broadly rounded. The following description is based 
on the work of Lovett and Black (1920). Observations made by 
the writer substantiate those made by earlier writers. 
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Deflorlption of Stages 
The egg of D. retioulatum is spherical or elliptical in 
shape, translucent, Jelly-like, bluish white and iridescent. 
The thin, rather tough, outer covering is slightly roughened 
with regular raised and depressed areas. The mlcropyle fre¬ 
quently is reduced or absent; when present it protrudes but 
slightly. The fertilized egg (plate 1) has a vitelline mem¬ 
brane surrounding the embryo, which in turn is surrounded by 
a semi-fluid gelatinous mass (Kofoid, 1895). The eggs vary 
In size from 1.7 mm. to 2 mm. wide and 2 mm. to 3 mm. long. 
The incubation period varies with the temperature and moisture. 
At a temperature of 41® P. eggs require one hundred five days 
to hatch; at 68® F., eighteen days. Hatching of the egg is 
inhibited below 41® P. (Carrlok, 1942). Two to three days 
before emergence the embryonic slug is active and assumes 
various positions (Miles, 1924). 
The Immature Slug (Plate 5) 
The newly hatched slug is without definite form at first 
but soon assumes much the same appearance as Its parent, ex¬ 
cept that Its tentacles are relatively larger and its body Is 
practically colorless, permitting the black nerve cord running 
to the eye to be easily seen through the body covering. Xoung 
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elugs have a pinkish or greyish pink tint. As feeding and 
growth take place, the color becomes at flrlt lighter and 
finally darkens. The reticulation of the mature form soon 
develops. Twenty-four hours after hatching, the slug is 
extremely active but eats little at first.(Hawley, 1922). 
The young sliig feeds day and night during the first three 
weeks but then comes out to feed only at night. In one month 
the average size, fully extended, is 10.5 mm. long and 2.2 
mm. wide (Miles, 1924). 
The Mature Slug (Plate 4) 
Theobald (1895) stated that B. reticulaturn may live for 
several years, and that it may become sexually mature in six 
weeks. Cooke (1895) reported that slugs of this species are 
usually full grown by the middle of the second year and die 
during the first part of the third year. Taylor (1907) stated 
that the time required for B. retioulatum to reach maturity 
varies from ninety days to nearly one year. Hawley (1922) 
noted that under field conditions B. retioulatum reaches 
sexual maturity in about five months^ Shropshire and Compton 
(1939) stated that slugs reach maturity in six weeks to one 
year. 
The mature slug has a head from which the two eye-bearing 
upper tentacles may be protruded, A pair of labial lobes 
(lower tentacles) is also present. The slug possesses a 
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Plate 1. Eggs of the gray garden slug. 
Plate 2. Eggs showing the membrane which 
keeps them together. 
Plate 3. Immature slugs of D. retioulatum. 
Plate 4. Mature slugs of D. retioulatum. 
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Plate 5. The internal shell of D. retloulatum 
showing the lines of growth. 
i 
-10- 
well-developed ventral creeping organ, the foot, which Is 
that part of the body in contact with the ground. Ciliary 
action and slime secretion participate in the rhythmic loco¬ 
motion of the slug (Bonse, 1936). The cilia on the foot have 
their effective force in a posterior direction and are effec¬ 
tive only in the presence of slime. The pedal gland; located 
at the anterior end of the foot, secretes the mucus which 
forms the track over which the animal moves. A thinner slime 
is secreted by the whole surface of the foot. This keeps the 
foot clean, aids the movement of the cilia and lubricates the 
surface of the foot as it moves over the slime track (Barr, 
1926). The slime is viscous, often clear when the slug is 
crawling, but becomes milky-white when the slug is irritated. 
The dorsal covering, termed the mantle, is more than 
one-*third the total length of the entire body. It is oval¬ 
shaped and is located on the forward part of the back, ex¬ 
tending forward in a free lobe under which the head may be 
retracted. The internal shell, when present, is secreted by 
the mantle and is rudimentary. This shell (plate 5) is a 
slightly convex plate, rather thin, and shows faint lines of 
growth and a nucleus somewhat to the left of the posterior 
margin. The shell is 4 mm. long and mm. wide (Taylor, 1907). 
All the external openings of the body—the mouth, the anus, 
the breathing pore and the genital orifice—are normally situ¬ 
ated toward the front end of the animal and are protected by 
the mantle* The mouth parts consist of the marginal teeth of 
the radula and are simply thorn shaped or bifid, with narrow, 
oblong basal plates. These are used to rasp away the soft 
tissue of plants. The breathing pore Is a broad, usually 
unpigmented, raised ring which Is out anteriorly by the anal 
cleft. The genital orifice Is about two millimeters behind 
the right ommatophore. 
The alimentary system is usually spirally twli^d and Is 
composed of the stomach tract and three Intestinal colls. 
The Inge stive tract Is short and Includes the e8oph8.gue and 
the crop, which has the salivary glands adherent to its sides. 
The last tract, or rectum, has a short caecum on the rlglit 
side generally directed backwards and laid upon the upper 
surface of the crop. 
When In motion, the length of the mature b. retloulRtum 
varies from 36 mm. to 50 mm. (Pllsbry, 1948). 
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REVIEW OP LITERATURE * CONTROL 
Introduction 
The control of greenhouse slugs has long been a problem 
to growers. Many chemicals and cultural measures have been 
employed to protect crops from the ravages of these pests, 
Barnes and Weil (1944) state that the number of slugs active, 
and not necessarily the absolute population, determines the 
extent of damage. The following methods and materials have 
been suggested for the control of most species of slugs. 
In this review the principle types are arranged under the 
headings of chemical and cultural control. The subdivisions 
of the former include fumigation, repellenta, contact poisons, 
arsenicals, a discussion of metaldehyde and newer insecticides. 
Cultural methods of control include sanitation, traps, barriers 
and band picking. 
Chemical Control 
Fumigation - Howard (1908) listed slugs among other green¬ 
house pests controlled by fumigation at the rate of fifteen- 
hundredths of a gram of 98^ cyanide of potassium per cubic 
foot of space for twenty to thirty minutes. 
Reoellants - Miles et al (1931) noted that repellenta 
are effective. The materials suggested are corrosive subll- 
-is¬ 
olate solution (1 In 1000) and a 1^ mixture of creosote and 
precipitated chalk. It was recommended (Anon. 1952} that 
sawdust might also serve as a repellent when broadcasted 
over the soil. 
Contact Poisons - This method of control is based on 
the fact that If the slimy covering of the slug is removed, 
death will follow. Carpenter (1906) recommended the use of 
either salt or lime dusts as means of control, Oossard (1918) 
recommended such materials as soot, ashes, tobacco, salt and 
hydrated lime because these exhaust the pest, which dies 
struggling. Crlbson (1928) suggested applications of air 
slaked or dehydrated lime be broadcasted over the soil before 
night-fall on three consecutive evenings. Hodgklss and Smith 
(1932) suggested that salt be placed along walks, trash, or 
similar locations where it Is not necessary to consider the 
danger of Injury to plant growth. They also suggested hy¬ 
drated lime, but noted that the effectiveness was lost If 
allowed to become set and caked. It was suggested (Anon., 
1940) that dried and powdered bread mixed with naphthalene 
be used as a control for slugs. This preparation was a sub¬ 
stitute for metaldehyde which was difficult to obtain In 
England during the war. White and Doolittle (1944) noted 
that it was possible to obtain satisfactory control with a 
mixture of copper sulfate 4 oz., hydrated lime 4 oz., and 
3 gallons of water. Copper Is highly toxic to slugs and with 
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lime gives excellent control. This combination is not 
injurious to plants. Steinweden (1945) controlled slugs, 
injurious to orchids, by scattering nicotine dust on the 
ground and benches. Price and Rodriguez (1950) suggested 
that a band of pulverized, dry, hydrated lime, three or 
four inches vide, placed around the area to be protected, 
would serve as a barrier and remain effective as long as 
it was dry. Manis and Portman (1950) recommended a mix¬ 
ture of dehydrated copper sulfate and lime since it is 
cheaper than metaldehyde baits. 
Arsenicals - Crosby and Leonard (1918) recommended a 
poison bait of bran 20 lb., Paris green 1 lb., molasses 
2 quarts, 5 oranges or lemons and gallons of water to 
control slugs* The bran, Paris green, molasses. Juices 
of either the oranges or lemons and water were mixed to¬ 
gether; then the pulp and peel of the citznzs fruits were 
chopped into fine bits and added to the solution. They 
also suggested raw potatoes dusted with Paris green as 
another means of control. Lovett and Black (1920) sug¬ 
gested calcium arsenate and chopped lettuce leaves as a 
bait for slugs. Basinger (1923) adopted Lovett and Black’s 
bait for a control of snails but substituted bran for the 
lettuce. He recommended a oiash of one part, by weight, 
calcium arsenate and sixteen parts bran. Krokhina and 
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Obolenekli (1928) In a laboratory experiment noted only a 
three to fire per cent mortality with the use of sodium 
arsenate and Paris green and oonoluded that the slug, D,. 
retlculatum. was resistant to these stomach poisons. 
Esslg and Hoskins (1939) reoommdnded a bait of bran 1 Ib.^ 
arsenic trloxlde 2 teaspoonfuls and 1/6 pint molasses. 
ChurSOY (1940) destroyed 85 per cent of D. retloulatum 
after forty hours with the use of 7 per cent, by weight, 
calcium arsenate with bran. Mlchelbaoher and Esslg (1948) 
recommended calcium arsenate or cryolite and metaldehyde 
as a poison bait scattered on wet ground In the evening. 
Crowell et al (1950) recommended poison baits as pellets 
because of the ease In distributing them In comparison 
with the loose bran mash. These pellets consist of 2 per 
cent metaldehyde and 5 per cent calcium arsenate. 
Compton (1930) suggested that a spray of lead arsenate 
1 os., laundry soap 1 os. and 1 gallon of water be used to 
protect greenhouse plants not In bloom. 
Davis (1951) recommended a dust of one part lead 
arsenate and five parts hydrated lime. 
Metaldehyde - Description and History of Its Discovery 
Metaldehyde Is a polymer of acetaldehyde (CHg-CHO)^ or 
^^2^4^^4 available as a white powder which Is Insol'^ 
uble In water, soluble In benzene and chloroform, and 
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sparlngly soluble In alcohol and ether* The compound 
metaldehyde Is the chief constituent of a solid fuel^ para¬ 
formaldehyde, marketed under the trade name Meta. This 
chemical Is extensively used In Europe as a combustible 
for heating purposes. Metaldehyde Is quite specific In 
Its action, being particularly toxic to Mollusca (Glmlng- 
ham, 1940). It acts both as a contact and as a stomach 
poison. The characteristic effect of metaldehyde poisoning 
Is Immobilization Interrupted by outbursts of uncoordinated 
muscular activity and slime secretion. The latter usually 
results In a severe water loss (Cragg and Vincent, 1962). 
Slugs then become moribund and nomnally they do not recover. 
The discovery of the toxicity of metaldehyde to slugs 
was a result of chance observations. Two stories are told 
showing the effect of Meta upon slugs (Q-lmlngham, 1940). 
The first has to do with a woman who had been to a picnic 
and used Meta-fuel to heat water. Upon returning home the 
car was cleaned out and the remains of Meta, as well as 
crumbs of food, were swept on the ground. Large numbers of 
slugs were attracted and later found dead. The second stox^ 
Is similar and tells of a woman who used Meta-fuel to heat 
her curling tongs. She then threw the remains of the fuel 
out of the window. Later she observed large numbers of 
slugs which had been killed, 
Metaldehyde - Balt - Metaldehyde has been used in 
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England since 1936 and In the United States since 1938. 
Glmlngham and Newton (1937) presented data to show that 
the compound metaldehyde was probably Just as efficient 
In killing large numbers of slugs when It was mixed with 
bran as was Meta. Meta was recommended^ however, because 
It was less expensive, Jary and Austin (1937) showed that 
Meta alone or mixed with sand or soil was attractive to 
slugs. However, they did not present Information as to 
the numbers killed with Meta mixed with bran, those 
killed by Meta alone, or Meta with sand or with soil. 
They also noted that bran by Itself has an attraction 
for slugs. Newton (1937) stated that bran mixed with 
Meta was better than Meta alone because of the difficulty 
in distributing the Meta alone. Oldcorn (1938) stated 
that he preferred to use Meta by itself but that Meta 
powder mixed with equal proportions of pulverized sulfur 
gave as good results. Esslemont (1938) found undiluted 
Meta too expensive. He Indicated that a combination of 
Meta with sand gave equally good results. Pethybrldge 
(1938) stated that ground lime was a satisfactory diluent 
for Meta. Cameron (1939) used Meta as a powder alone, but 
he noted that Its lightness made distribution difficult. 
It was suggested (Anon., 1940) that grass clippings could 
be used In war time as a substitute for bran. This was 
followed by the suggestion by Pratt (1940) that dried 
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lawn clipping3I sand and ground oatmeal be used for the 
same purpose. Barnes and Weil (1942) gave a list of forty- 
four possible substitutes for bran. Bran or any substitute 
will not Icill slugs but it is as important as Meta, if not 
more so, because Meta is not the main attractant. The 
success of the treatment does depend upon the choice of 
substance used with it. They noted that those more effi¬ 
cient than bran were middlings and proprietary cattle oake-^*^ 
those not differing significantly from bran were yellow 
maize meal| flour» brown biscuit meal, ground rice, sugar 
beet pulp, chicken meal, Quaker Oats and tea leaves. Sub¬ 
stances less efficient were molasses, lettuce, cabbage and 
rhubarb leaves, fresh grass cuttings, wheat and oats, whole 
grain, Derria residue and sawdust. In conclusion they noted 
that baits containing materials discussed above were better 
k 
than baits of metaldehyde alone. Likewise, they were su¬ 
perior to non-feeding stuffs, such as soil, sand, etc. 
Lange and MacLeod (1941) tried several compounds 
chemically close to metaldehyde, either undiluted or with 
5 per cent bran, and found no slugs attracted to these. 
The compounds used were acetaldehyde, paraldehyde, hexalde- 
hyde, butyraldehyde, propionaldehyde, voleraldehyde and 
heptaldehyde* 
Lange and Sciaroni (1952) noted that in experiments 
as early as 1940 a 10 per cent metaldehyde dust was effec- 
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tlve In killing eggs of D. retioiilatmn and In killing 
adults by contact. 
According to Blauvelt (1962) metaldehyde baits have 
not been giving as uniform a control of slugs as desired. 
He noted that imported metaldehyde appeared to be better 
than domestic metaldehyde. In experimental treatments he 
observed that 10 per cent metaldehyde dusts gave better 
results than the metaldehyde baits. 
White and Davis (1963) recommend a mixture of metal¬ 
dehyde 1 02. and either calcium arsenate 2 oz. or sodium 
fluosilioate 1 oz. with 2 lb. of wheat bran, corn meal or 
a similar substance. This bait must be moistened and 
applied at the rate of 1 lb. of bait per 1000 square feet. 
In greenhouses it should be placed along the edges of the 
beds or along the walks. Under dry conditions the metal¬ 
dehyde alone will kill the slugs, but in moist conditions 
one of the other poisons is needed in the bait for longer 
effectiveness. 
Newer Insecticides - Many growers hoped that with the 
Introduction of the newer insecticides the problem of slug 
control would be near an end. Chupp and Leiby (1947) stated 
that 3 or 5 per cent DDT dust might control the slugs if the 
dust were placed where they must crawl over it. No data is 
available to support this statement. Smith et al (1948) 
noted that parathion in aerosols proved Ineffective against 
«*20» 
slugs. Pritchard (1949) stated that the never insecti¬ 
cide S| such as benzene hexaohloride» DDT and ohlordane, 
are not recommended and have not replaced the metaldehyde 
and calcium arsenate baits for the control of slugs. Lehker 
(1960) recoiKBends the use of 6 per cent DDT. Again no ex¬ 
perimental data is available to support this statement. 
.C.9Piteol. 
Sanitation - During the day slugs frequent areas 
where mateidal is available for concealment. At night, 
however, they are found feeding on plants. In areas within 
greenhouses, where moist conditions prevail, Helgel and 
Middleton (1926) advocated a olean-up program to eliminate 
hiding places such as decayed boards, debris, bricks and 
old flower pots. If this were practiced, slugs would have 
difficulty in finding a place to lay their eggs as well as 
a place to hide. 
Every effort should be made to avoid bringing infested 
material into greenhouses. Soil, if stored outside, should 
be sterilized before it is brought in and used. If potted 
plants are placed outside during the summer months, these 
should be thoroughly inspected before being brought back 
inside. Empty orates, pots and boxes may also harbor 
these pests if stored outside and should be examined before 
being used in the greenhouse. 
21- 
Traps and Barriers - Pieces of weather-beaten boards 
form suitable hiding spots if placed throughout the beds. 
If the boards are turned over, the slugs present may easily 
be destroyed by scraping them off and crushing them. As 
early as 1888 slugs were reported as injurious to the grow¬ 
ing tips of coffee plants. Cockerell (1895) recommended 
that a barrier of coal tar or cart grease be placed around 
the base of coffee plants to prevent the slugs from climb¬ 
ing. It was suggested (Anon., 1926} that two charged con¬ 
centric rings of copper and zinc wire be used as barriers. 
The sensitivity of the slugs to an electric charge would 
cause them to withdraw when their moist bodies came in 
contact with the two metals. Gibson and Ross (1940) noted 
that orchids would be protected from slug injury if a band 
of cotton batting were fastened around the spathe of each 
flower. 
Hand Picking - Many slugs may be removed by hand as 
they feed on plants at night. 
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BIOLOGICAL OBSERVATION 
Rearing - A stock culture was kept in a wooden box 
20i-” long, wide, and 6” high with an open top covered by 
gauze held down by adhesive tape# This covering prevented 
the escape of the slugs and perraHted air to circulate in 
the box. Approximately two Inches of soil were placed on 
the bottom of the box. Old boards were put on top of the 
soil to serve as hiding places for the slugs during the day. 
The soil was kept damp at all times and the quarters were 
cleaned periodically to prevent the growth of molds and 
fxmgi. This culture was checked about every three days 
for the presence of slug eggs. 
Any eggs present were removed and placed in petri 
dishes lined with filter paper (Plate 6), Drops of water 
were added to the filter paper, when necessary, to maintain 
a constant moist condition. Various other containers were 
used experimentally but the above was found to be the most 
satisfactory. The eggs collected were carefully handled 
and observed each day for embryonic development. The petri 
dishes containing the eggs v;ere kept in the Fernald Hall 
greenhouse at the University of Massachusetts, The rela¬ 
tive humidity v/as considered to be approximately 100 per 
cent as the dishes were covered and the filter paper kept 
moist. 
23- 
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Plate 6, Slug eggs in a petrl dish lined 
with filter paper. 
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In this study of over 1000 eggs only 43 hatched. Of 
these, 84 per cent completed development between the 17th 
and 23rd day after ovlposltlon. The minimum length ob¬ 
served was 17 days and the maximum was 34 days (Table 1). 
Table 1. Time Required for retloulatum Eggs to Hatch 
Date Eses , No. of days for egg to hatch 
Laid 17 18 19 20 21 22 23 24 26 26 27 28 29 30 31 32 33 34 
Pct..l4.1961 1 5 S, 2 1 .. -1-.1. 1 
Oct.20.1951 1 1 
Mar. 13.1962 3 ...1.-. .. .  . ..  
Har.28.1952 ?r 1 1 
Deo.29.1962 9 4 3 
Total 10 3D 2 8 4 12 01110000 1 0 2 
The writer observed that once embryonic development 
started In an egg It continued until the slug hatched. 
The newly hatched slugs were placed singly In a petrl 
dish lined with moist filter paper. Lettuce was used for 
food and this was replaced when necessary. Every four 
days the slugs were measured. The length and width were 
both taken when the slug was extended. The width was taken 
at the widest part of the mantle—dorsal aspect. The petrl 
dishes were examined dally and water was added If the 
filter paper was not moist. Oftentimes, the filter paper 
would be found dried out the following day because of 
the high temperatures. The young slug would die because 
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of the extreme heat* Notes on this Important phase of the 
work are not as full or complete as might he desired. No 
data are at hand regarding the average longevity of the slug 
from egg to maturity. Length and width measurements, In 
centimeters, have been taken for D. retlculatum from the 
day hatched until sixteen weeks old. The results are 
tabulated In Table 2. 
Table 2. The average Size of D. retlculatum from 
Day Hatched to Sixteen Weeks. 
Average Size 
In centimeters 
Slugs Me Length width 
21 day hatched 0.46 0.1 
20 1 week Old 0.61 0.1 
17 2 M H 0.53 0.12 
10 3 M H 0.66 0.15 
14 4 ti « 0.86 0.17 
10 6 M N 0.99 0.2 
10 6 If R 1.22 0.22 
10 7 M H 1.39 0.23 
10 8 R R 1.69 0.25 
9 9 N R 1.96 0.3 
9 10 H R 2.15 0.38 
9 11 H R 2.37 0.42 
9 12 n R 2.61 0.44 
9 13 R M 2.85 0.47 
9 14 M R 3.08 0.49 
9 15 M R 3.1 0.6 
3 16 If H 3.23 0.65 
Six of the nine slugs from the above experiment were 
examined to determine maturity. Upon dissection, the sex 
organs were found to be absent, showing that the slugs were 
still Immature. These slugs were 105 days old and the 
average size was 3.08 cm. long and 0.6 cm. wide. Seven 
26 
1ftter the three reaialnlAg eluge were examined and 
eleo found to be loucature. Theae were 1X2 days old and 
the average size vaa 3*25 ca. long and 0,56 cm* vide. 
the author's observations would appear to be in 
agreement with those of Hawley (1922) and taylor (1907) 
but not with those of Theobald (1896)* Hawley noted 
that under field conditions the gray garden slug did not 
reach sexual maturity at 112 days but did in about 160 
days* Taylor stated that the time required for this slug 
to reach maturity varied from ninety days to nearly one 
year. The author was not in agreement with Theobald 
because he stated that B, reticulatua became sexually 
mature In 42 days* 
-27 
MATING 
As has been stated, slugs are hermaphroditic but self- 
fertilization is impossible because of protandry. Therefore, 
slugs must mate in order to be fertilized* Garrick (1938) 
states that D* reticulaturn mates between h a*m* and 6 a*m. 
and that they mate out in the open on the surface of the 
ground, rather than under foliage* A prelude to mating is 
the nuptial "round dance" (Pilsbry, 19^8)* Two slugs follow 
each other around in ever decreasing circles* After perhaps 
as long as an hour and one-half they are close and caress one 
another with extended stimulators* Then v/ith extreme sudden¬ 
ness the final act of mating takes place* This has been known 
to last for almost twenty-four hours* The two slugs secrete 
a milky slime in great profusion, and a circular patch on the 
ground marks the site of the actual mating. Mating occurs 
during every month of the year* 
Observations - On January 8, 1952 a pair of mature slugs 
was placed in each of two separate glass containers with a 
gauze cover secured by adhesive tape* In each a piece of 
crumpled, moist filter paper was placed to maintain a high 
humidity* Lettuce was also added for food. Both containers 
were examined daily for twenty-nine days* After a period of 
fourteen days, ten eggs were laid in container A* The eggs 
were removed and placed in petri dishes lined with moist 
-28 
filter paper. They were discarded after forty-five days be¬ 
cause of no embryonic development. Container B did not con¬ 
tain eggs at all and after twenty-nine days the slugs died. 
For a period of twenty days, beginning on February 17? 
1953? the writer made observations of mature slugs at 2 hour 
intervals during the night* The slugs were disturbed for 
only a minute at these intervals by a common light bulb* 
The procedure followed was the same as that used in the 
/ 
experiment above. No actual mating was observed and no eggs 
were laid* 
I 
t 
V 
CHOPS 
Slugs &r« prAOtloally omnivorous foodsrs but show o 
prefsponoo for a vogotablo diet, Thoy attack almoat all 
plants grown under glass| including garden vegetable seed¬ 
lings, flovsr plants, shrubs and ornamentals* The attack¬ 
ing anlttal Is not datsrrtd by any of the protective struc¬ 
tures such as thorns on the plant (Frommlng, 1940)* Bamss 
(1949) statss that 10 per oent of what the slugs eat Is 
utllleed In setabollsm* Their host plants are nearly llsnlt- 
less. T!^ following Is but a partial listing oosrplled from 
reports of various investigators. 
Usmssi 
Belladonna ^ Coleus OlaAlolus 
Calceolaria I>ahlla Honeysuckle 
Call. 1117 Oandslion Kalanchoe 
Caoellla >^charla Illy Orchid 
Candytuft Tern Bansy 
Carnation frsesia Petunia 
Ohrysanthemua Gardenia Snapdragon 
Cineraria Ceranluffi Violet 
EcuUft 
Banana Coodeberry 8tra%d>erry 
30- 
Vegetables 
Artichoke Cucumbers Peas 
Beans Eggplant Potato, Irish 
Brussel sprouts Leek Potato, sweet 
Cabbage Lettuce Radish 
Carrot Lima beans Spinach 
Cauliflov/er Melon Tomato 
Celery Onion Turnip 
Miscellaneous Plants 
Burdock Hops Rape 
Chicory Lamb*s-quarters Raspberry cane 
Clover Mushrooms Romaine lettuce 
Coffee Mustard Tea 
Dill Oat Tobacco 
Dock Plantain Wheat 
Grass Ragweed Winter grain crops 
-31- 
MANNER IN WHICH INJURY IS CAUSIilD 
Both the Immature and mature slugs Injure plants* They 
first attack the outer leaves of very small plants which are 
in contact with the soilt On older and larger plants they 
may be found feeding up among the more tender inner leaves* 
They eat out sections along the edges of leaves or make 
Irregular holes through them (Plates 7f 8 and 9)* Slugs also 
skeletonise the leaves| causing an injury which may be similar 
to that of some insects; for example| to that of leaf tyers. 
The presence of slugs can always be distinguished by trails 
of dried, glistening slime* Excreta left behind by the slug 
may be another distinguishing characteristic* The color of 
the excreta will be determined by the color of the food eaten; 
as for example, various shades of green depending upon the 
color of the foliage consumed; white, if the inside of a 
potato tuber was the last meal* 
.♦ 
Frequently these creatures tunnel into plants at or be¬ 
low the surface of the soil* The puncture caused by them 
affords a ready means of entrance for fungi and bacteria* 
Lovett and Black (1920) found that slugs are able to penetrate 
the soil and feed on carrot roots below the surface down to a 
depth of nine inches* Injuries to potato tubers range from 
small feeding punctures to large cavities which have been 
eaten out, leaving most of the potato skin hanging over the 
-32- 
Plate 7. Typical injury to a tobacco plant. 
-33- 
Plate 8. Slug injury to a Bird’s Nest Fern. 
-34 
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daraaged part (MacLeod and Rawlins, 1933)* As the warmer, 
drier season advances, slugs tunnel into the ground in search 
of a moist habitat* During periods of unusual precipitation 
they have been found climbing shrubs to feed. A peculiar 
phenomenon is noted in connection with this practice of 
climbing, and that is instead of crawling down the slug 
often lowers itself by means of a mucus thread which it 
exudes (Kew, 1902). 
V 
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EXPERIMENTAL WORK ON THE HOST PREFERENCE OF 
RSTICULATUM 
To determine the host preference of D. reticulaturn 
an experiment was set up on January 8, 1952 and February 
16, 1952 using various vegetables and flower plants. 
The vegetable seeds were planted in a flat with each 
variety planted close together In a six Inch row. After 
the vegetable growth was beyond the seedling stage, each 
row was enclosed by a fine wire screen cage which extended 
Into the soil to a depth of 2 Inches. Slugs were placed 
In each cage. Three flats were used; two had slugs and 
the third was used as a check. Each flat had the same 
vegetable planted In the same place. For twenty-four 
days these plants were checked dally. 
The flower plants were planted singly In 4 Inch pots. 
Slugs were placed In each pot and then enclosed by a wire 
screen cage. For twenty-three days these plants were 
checked dally. Three pots of each species of flower were 
used; two had the slugs while the third did not. 
Table 3. Vegetables and Flowers Which 
Were Exposed to Slugs. 
Vegetables Degree of Damage^ 
Beans,string L 
Broccoli L 
Corn, sweet 
Cucumber L 
No Damage 
XX 
-37- 
Table 3, Continued. 
PeasI sweet L 
Radish h 
Tomato XX 
Flowers 
Begonia,fibrous 
rooted L 
Calendula 
Carnation L 
Coleus, green H 
Coleus, red 
Forget-me-not 
Geranium 
Larkspur 
Marguerite L 
Petunia M 
Stocks 
♦ H - Heavy - 76 per 
M - Moderate - 60 per 
L - Light - 26 per 
Discussion - The writer* 
XX 
XX 
XX 
XX 
XX 
XX 
cent and higher 
cent 
cent higher or lower 
experimental data Indicated 
that red coleus and geranium were the only host plants not 
damaged by D. retlculatum. This Is not In agreement with 
other Investigators, The writer did not concur with 
Gibson and Ross (1940) for they reported the geranium as 
a host plant. No damage was observed on the experimental 
geranium plants, Gibson and Ross (1940) ad so stated that 
coleus was another host plant but did not Identify the 
variety—whether red or green coleus. The writer observed 
the green coleus to be heavily damaged by the slugs but 
not the red. 
The writer observed damage only to the leaves and not 
to the blossoms of the plants under study. It was noted 
38' 
that in all of the plants damaged the slugs ate out sections 
along the edges of the leaves and made irregular holes. 
The outer leaves were usually attacked first. The green 
ooleus and the petunia both had many leaves nearly skele¬ 
tonized. The damage was not sufficiently serious to kill 
the plants. Of the damaged plants» the growth of the 
green ooleus was somewhat retarded—as evidenced when com¬ 
pared with the plant used for a cheok. The latter was 
larger and had more foliage than the damaged ones. The 
growth of the other plants treated was not seriously 
affected. 
Slugs may not kill the plants unless a very large 
population is presenti but growth can be retarded. The 
plants with slug damage are unsightly and their market 
value is depreciated. 
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CONTROL OBSERVATION 
Control Problems - D* reticulatmn appears relatively 
difficult to control because of its nocturnal habits. Its 
secretion of the protective slime and Its specificity to 
Just a few pesticides. A thorough application of molluscl- 
oldes Is often a problem In houses where some plants are In 
pots, others in benches and some growing In the ground soil. 
Preliminary Testa - The preliminary control tests were 
conducted In the Femald Hall greenhouse. Lettuce plants 
In four-inch pots were selected as test plants. In the 
experiment five slugs were confined to each of four plants. 
Three pots were used for treatments and the fourth as a 
check. A fine wire screen cage was used to enclose the 
lettuce plant so as to prevent the escape of the slugs. 
Scattering by hand over the surface area to be treated was 
employed for some of the materials. In the application of 
dusts, a plunger-type hand duster was used. An even cover¬ 
age to both the soil surface and the plant was attempted; 
and the dosage rate was the same as that recommended by 
the manufacturer of the material. Each preliminary con¬ 
trol test was replicated, In some twice, In others, six 
times. The slugs were examined dally and their mortality 
recorded. 
Treatments and Dosages - Table 5 lists the materials 
-43- 
ueed in the preliminary control tests with the concentra¬ 
tion rate and dosages. 
Table 6* Materials Used In Preliminary Control 
Testa with the Concentration Rate 
and Dosages. 
Material Concentration Dosase 
Bug-geta calcium arsenate 5^ 
metaldehyde 2% 
Inert Ingredients 93^ 
3 pellets around 
base of plant 
Chlordane 
dust 
(talc diluent} 2 lbs./acre 
DDT dust 60^ (talc diluent) 2 lbs./acre 
Dl8l<5rln 
dust 
(talc diluent) 2 lbs./acre 
Metaldehyde 
duet 
10^ (talc diluent) 2 Ibs./lOOO sq.ft. 
Metaldehyde 
dust 
16^ (tale diluent) 2 Ibs./lOOO sq.ft. 
Meta-meal 4^ (All-bran diluent) 
1 ot, to 3 lbs. 
All-bran 
1 Ito. balt/1000 
sq.ft. 
Meta-slug 
Killer 
4^ (All-bran diluent) 
1 02. to 3 lbs. 
All-bran 
1 lb. balt/1000 
sq.ft. 
Nicotine 
sulfate dust 
3^ (talc diluent) 1 Ib./lOO sq.ft. 
Snailloide A, metaldehyde 10^ 
chlordane 10^ 
inert ingredients 80^ 
2 Ibs./lOOO sq.ft. 
Snallloide B. metaldehyde 5^ 
chlordane 
Inert ingredients 90^ 
2 Ibs./lOOO sq.ft. 
Tonaolde naphthalene 76^ 
nicotine 0.2^ 
Inert Ingredients 24.8^ 
1 lb./so sq.ft. 
Table 6. Effects of Bug-geta on Sliigs 
in Experimental Cages. 
per cent mortality at 24 hour 
intervals following exposure 
Test No. and 
Date Treatment 
Started 1_g_2_4§• 
1. (3-21-62). 0.0 80 100 
check 0.0 0.0 0.0 
2. (4-8-52) 0.0 40 73.3 93.3 
check 0.0 0,0 0.0 
/ 
0.0 
3. (4-17-52) 0.0 63.3 93.3 100 
check 0.0 0.0 0.0 0.0 
4. (4-29-62) 0.0 73.3 100 
check 0.0 0.0 0.0 
6. (10-21-62) 0.0 63.3 93.3 100 
check 0.0 0.0 0.0 0.0 
100 
0.0 
Table 7. Effects of 6^ Chlordane Dust on 
Slugs in Experimental Cages. 
per cent mortality at 24 hour intervals 
following exposure 
Test No. and 
Date Treatment 
Started 1 3 4 5 6 7 8 9 
1. (10-21-62) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.3 20 
check 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2. (11-3-62) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 26.6 26.6 
check 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
-46- 
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Table 10, Effects of Tonaolde on 
Slugs In Experimental 
Cages* 
per cent mortality at 24 ho\ir Intervals 
following exposure 
Test No. and 
Date Treatment 
Started 1 - .2 -- ..6 . . .. 4 5 6 
1. (5-21-52) 0.0 40 66.6 80 93.3 100 
check 0.0 0.0 . 0.0 ,0.0 0.0 0.0 
2. (4-8-62) 0.0 73.3 86.6 100 
check 0.0 0.0 0.0 0.0 
3. (4-16-62) 0.0 63.3 73.3 93.3 100 
check 0.0 0.0 0.0 0.0 0.0 
4. (4-21-62) 0.0 46.6 66.6 80 100 
check 0.0 0.0 0.0 0.0 0.0 
Table 11. Effects of 3^ Nicotine 
Dust on Slugs in 
Experimental Cages. 
per cent mortality at 24 hour Intervals 
following exposure 
Teat No. and " . ^ '. 
Date Treatment 
Started 1 2 3 4 6 6 7 8 
1. (10-2-82) 0.0 46.6 66.6 36.6 100 
check 0.0 0.0 0.0 0.0 0.0 
2. (10-12-52) 0.0 26.6 30 46.6 86.6 100 
check 0.0 0.0 0.0 0.0 0.0 o.c 
3. (11-7-62) 0.0 30 40 66.6 66.6 80 86.6 100 
check 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4. (11-16-62) 0.0 30 30 60 73.3 86.6 100 
check 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table. 12. Effects of Metaldehyde Dusts on 
Slugs in Experimental Cages* 
Per Cent 
Metaldehyde 
in Dust 
Test No. and 
Date Treatment 
Started 
per cent mortality at 24 
hour intervals following 
gAPO.fture 
1 2 
1, (4-80-68) 0.0 100 
check 0.0 ■ 0.0 
* 4 8. (6-4-88) ' 0.0 100 
check 0.0 0.0 
n 3. (10-88-68) 0.0 100 
cheek 0.0 ' 0.0 
lOjJ 1. (4-16-88) 0.0 100 
cheek 0.0 0.0 
2. {4—29—52) 0.0 100 
check 0.0 0.0 
N 3. (8-8-68) 0.0 100 
check 0.0 0.0 
M 4. (10-80-62) 0,0 100 
check 0.0 0.0 
H 6. (10-23-68) 0.0 100 
check 0.0 0.0 
H 6. (10-31-62) 0.0 100 
check 0.0 0.0 
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Table 13, Effects and Comparison of American 
and Canadian-made Metaldehyde on 
Slugs In Experimental Cages, 
per cent mortality at 24 hour Intervals 
following exposure 
American-made 
Test No, and 
Date Treatment 
Started 
- 1 .2^.. ..5.... 4 5 
1. (4-17-62) 0,0 30 80 100 
check 0.0 0.0 0.0 0.0 
2. (4-29-62) 0.0 13.3 20 63.3 80 100 
check 0,0 0.0 0.0 0.0 0.0 0.0 
3. (6-8*62) 0.0 13.3 46.6 86.6 93.3 100 
check 0.0 0.0 0.0 0.0 0.0 0.0 
Canad Ism-made 
Test No. and 
Date Treatment 
Started 
1. (4-17-62) 0.0 60 100 
check 0.0 0.0 0.0 
2. (4-29-62) 0.0 26.6 66.6 93.3 100 
check 0.0 0.0 0.0 0.0 0.0 
3. (6-6-62) 0.0 40 86.6 93.3 100 
check 0.0 0.0 0.0 0.0 0.0 
American-made - Meta-meal 
Canadian-made - Meta-slug Killer 
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Table 14. Effects of Snalllcide A (10^ metal- 
dehyde, 10% ohlordane) and Snalllcide 
B (6^ metaldehyde, b% ohlordane) on 
Slugs In Experimental Cages. 
per cent mortality at S4 hour 
Test No. and 
Date Treatment 
sutiaa_I_S 
Snalllcide A — 
1. (9-28-62) 0.0 100 
check 0.0 0.0 
2. (10-12-62) 0.0 100 
check 0.0 0.0 
3. (10-28-62) 0.0 100 
Check 0.0 0.0 
4. (11-1-62) 0.0 100 
check 0.0 0.0 
6. (11-4-62) 0.0 100 
check 0.0 0.0 
6. (11-14-62) 0.0 100 
check 0.0 0.0 
Snalllcide B — 
1. (10-22-62) 0.0 100 
check 0.0 0.0 
2. (10-24-62) 0.0 100 
check 0.0 0.0 
3. (10-28-62) 0.0 100 
chock 0.0 0.0 
“ 4. (11-8-62) 0.0 100 
check 0.0 0.0 
6. (11-28-62) 0.0 100 
check 0.0 0.0 
6. (12-1-62 0.0 100 
check 0.0 0.0 
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Table 16, Days Required to Produce Per Cent Mortality 
with Materials Used In Preliminary Tests. 
' fest baySt0 produce feys to Produce 
Materials Number approximately 100 per cent 
50 per cent mortality 
mortality 
Bug-geta 1. 1 
2. 2 
3. 1 
4. 1 
6. 1 
average 1.2 
Chlordane 1. « 
2. - 
DDT eojJ 1. 
2. - 
3. 
Dieldrin 2|^ 1. 
2. — 
Metaldehyde 1. 
10^ and Metal- 2. - 
dehyde 16^ 3. 
4. 
6. • 
6. 
average - 
2 
4 
3 
2 
2^ 
2.8 
1 
1 
1 
1 
1 
i 
1 
Meta-meal 1. 2 
2. 3 
3* 3 
average 2.6 
3 
6 
6 
4.3 
Met a-slug 
Killer 
1. 1 
2. 2 
3. 2 
average 1.6 
2 
4 
4_ 
3.3 
Snailicide A 1. 
and 2. 
Snailicide B 3. 
4. 
6. 
6. 
average 
1 
1 
1 
1 
1 
1 
T 
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Table 15. Continued. 
Tonaolde 1. 2 
2. 1 
3. 1 ‘ 
4. _^ 
average 1.5 
Niootine 1. 2 
Dust 2. 4 
3. 4 
4, 3 
average 3.2 
5 
3 
4 
4_ 
4 
4 
6 
7 
6 
6.6 
Dlaouaeion of Data of Preliminary Teats • These tests 
were conducted In an effort to find out which one of tlie 
materials was the most effective in controlling retiou-- 
latum. 
The data in Tables 6 and 15 show that Bug-geta pellets 
require about 1.2 days to give an approximate 50 per cent 
mortality and 2.8 days for a 100 per cent mortality. The 
Bug-geta pellets are more easily distributed than any of 
the other materials used^ and they do not Injure the plant. 
Crowell et al (1950) also recommended the use of these 
pellets. 
Chlordane 6 per cent, 50 per cent DDT and per cent 
Dleldrln, as Indicated in Tables 7, 8 and 9, are not effec¬ 
tive In the control of slugs. These insecticides did not 
give satisfactory results. Pritchard (1949) stated that 
BHC, DDT and Chlordane were not effective for slug control. 
Chupp and Lelby (1947) stated that 3 or 6 per cent DDT dust 
might control slugs If the dust were placed where they must 
crawl over It. No data Is available to support this state¬ 
ment. In each of the writer’s treated pots the slugs crawled 
over the poison and no control was observed. 
Tables 12, 14 and 16, Indicating the effectiveness of 
metaldehyde 10 per cent and 16 per cent and Snailloide A 
and B, show excellent results as these materials were fatal 
to slugs when applied to the soil surface and plsint. One 
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hundred per cent mortality was evidenced within 24 hours 
in each of these tests. The metaldehyde dusts did not 
Injure plants; this was stated earlier by Blauvelt (1952). 
He used 10 per cent metaldehyde dust for control of slugs 
on orchids, and better results were obtained with this 
than with the metaldehyde baits. The writer Is in agree¬ 
ment with this. The cost of metaldehyde dusts is somewhat 
higher than the Bug-geta pellets. 
In comparing the American-made metaldehyde, Meta-meal, 
with the Canadian-made metaldehyde, Meta-slug Killer, 
Tables 15 and 15, the writer observed the Meta-slug Killer 
to be somewhat more effective—kills resulted at least a 
f 
day or two sooner. Meta-meal required approximately 2.6 
days to produce a 50 per cent mortality and 4.5 days for a 
100 per cent mortality, while Meta-'Slug Killer required 1.6 
days to produce a 50 per cent mortality and 3.3 days for 
100 per cent. The writer agrees with Blauvelt (1962) in 
the comparison of the American-made and Canadian-made 
metaldehyde. No injury to the plant was observed. These 
poison baits have a disadvantage in that they will become 
moldy if they get wet too often when the plants are watered. 
Tonaolde, Tables 10 and 15, and 3 per cent Nicotine 
dust, Tables 11 and 16, gave a fair control but, in general, 
killed more slowly than some of the other materials used in 
the preliminary tests. Tonacide produced a 100 per cent 
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mortality in 4 days and 3 per cent Hiootine dust in 5.5 
days. Tonaoide injures the plant and extreme oare must be 
exercised when applying it. The price of Tonaoide Is quite 
reasonable when compared with Nicotine dust. 
Control in Commercial Greenhouses - An infestation of 
slugs in commercial greenhouses was brought to the writer’s 
attention. Control proceedings were started after pre¬ 
liminary experiments indicated materials which might give 
good results. 
Location of Experimental Area - A slug infestation was 
found in the anemone house at the Butler and Ullman Northamp¬ 
ton greenhouses and in the eucharis lily beds at the Butler 
and Ullman Hadley greenhouses. A heavy infestation of slugs 
prevailed at the Lyman Plant House# Smith College, Northamp¬ 
ton, and three rooms were used for control work. The plant 
damage at the anemone house was not too extensive although 
slugs were present. Both of the treated and check plots 
measured 646 sq. ft. These plots were about 8 feet apart. 
At the Butler and Ullman Hadley branch, the eucharis lily 
leaves showed extensive damage. Each plot measured 44 sq. 
ft. and they were about 2 feet apart. In each of the two 
houses, eleven benches were used. Two were used for check 
and these were separated by seven treated benches. The 
treated areas were alternated, with a different material 
being used on bench numbers 1,3,5; 4,6,8 and 7,9,11. The 
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treated and check plots In the three rooms at the Lyman 
Plant House varied In area. Damage was observed to be 
extensive on some plants but not on others. In these 
greenhouses the temperature was kept at 65® F. during 
the night and 60® F. during the day. The daytime temper¬ 
ature fluctuated with warmer outside weather conditions. 
Collection of Data - Slug population counts were 
made for about three days before beginning the control 
experiments. After application, counts were made every 
day. The writer was able to determine the approximate 
number of slugs present, before and after application, by 
using lettuce as a bait placed under a board. These baits 
were placed In about the center of the plots, and slugs 
gathered to feed on the lettuce and to hide under the 
board during the day. This method of population sampling 
was employed at both of the Butler and Ullman houses. At 
the Lyman Plant House lettuce baits were not used as here 
the writer walked around the rooms with a flashlight count¬ 
ing all the slugs that could be seen. Table 16 contains 
the materials used In the three greenhouse control tests 
with the concentration rate and dosages. 
-56- 
Table 16. Keterlals Used for Slug Treatment at the 
Commeroial and Tropical Greenhouses with 
the Concentration Hate and Dosages. 
Material Concentration Dosage 
Bug-geta calcium arsenate 5^ 
metaldehyde 2% 
inert ingredients 95^ 
12 oz, per 132 
sq. ft. 
Chlordane 
dust 
5^ (talc diluent) 2 lbs./acre 
Metaldehydo 
dust 
(talc diluent) 2 IbB./lOOO sq.ft. 
Metaldehyde 
dust 
10^ (talc diluent) 2 Ibs./lOOO sq.ft. 
Nicotine 
sulfate dust 
5^ (talc diluent) 1 Ib./lOO sq.ft. 
Snailioide A. metaldehyde 10^ 
chlordane 10^ 
inert ingredients 80^ 
2 Ibs./lOOO sq.ft. 
Snailicide B. metaldehyde b% 
chlordane b% 
inert ingredients 90^ 
2 Ibs./lOOO sq.ft. 
Tonacide naphthalene 75^ 
nicotine 0.2^ 
inert ingredients 24.8^ 
1 lb./60 sq.ft. 
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Table 17,. Effects of Bug-geta on Slugs at Butler and 
Ullman Greenhouse, Hadley Branch. Date of 
Application was November 4, 1958. 
Numbers Numbers 
Material 
and Rate Date 4 6 8 2 10 
Bug-geta Nov.1,1962 6 8 6 7 8 
12 0Z./132 2 6 8 5 8 8 
sq.ft. 6 8 4 8, 7 
4 6 8 5 8 8 
. 6 0 0 0 7 9 
6 0 0 0 7 9 
7 0 0 0 7 8 
8 0 2 0 6 8 
9 0 1 0 7 7 
10 0 1 0 7 7 
11 0 1 0 7 7 
Deo.22 0 1 0 7 9 
23 0 1 0 7 9 
— Following the application of the chemical 
4 
on November 
4, practically no slugs appeared in the treated plots 
during the duration of the teat. The number of slugs In 
the check plots did not vary appreciably during the test. 
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Table 18. Effeots of 5% ChXordane IHist on Slugs at 
Butler and Ullman dreenhouse^ Hadley Branch, 
Bate of Application was November 26, 1962. 
Number of Slugs Alive 
Treated Plot Check Plot 
Numbers Numbers 
Material 
and Rate Bate 4 6 8 2 10 
6^ Ohlordane 
dust 
2 lbs./acre 
Nov.23,1962 
24 
26 
26 
27 
28 
29 
30 
Bee. 1 
2 
3 
4 
22 
23 
4 6 6 
4 6 5 
4 5 6 
0 0 0 
0 0 0 
0 10 
2 4 1 
3 6 2 
4 6 6 
6 6 6 
6 6 6 
6 5 6 
6 3 6 
5 3 6 
4 3 
4 3 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
6 6 
4 6 
4 5 
3 6 
3 6 
— From December 4 to 22 the number of slugs remained 
approximately the same in both the treated and check 
plots. 
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Table 19. Effects of 5^ Metaldehyde Dust on Slugs at 
Butler and Ullman G-reenhouse, Hadley.Branch. 
Date 
Material 
and Hate 
of Application 
Date 
Metaldehyde Not.23,1962 
duet; 2 lbs./ 24 
1000 sq.ft. 25 
26 
27 
28 
Deo.22 
23 
was November 26, 1962. 
Number of Slugs Alive 
Treated Plot Check Plot 
Numbers Numbers 
.. ? 19.. 
2 3 4 4 3 
2 3 4 4 3 
5 6 4 4 4 
0 0 0 4 4 
0 0 0 4 4 
0 0 0 4 4 
0 0 0 3 6 
0 0 0 3 6 
— Prom November 28 to December 22 no slugs appeared In 
plots 7, 9 smd 11. The number of slugs in the check plots 
averaged about 4. 
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Table 20. Effeett of lOf MataldabfOa Dust on Slugs at 
tywsn Plant House» Salth College, Iforthamtw 
ton* Pate of Applloatlon vas November 24,19S2« 
Materiab 
10^ Netaldehyde Nov.22,1952 20 18 
dusti 2 Ibe./ 25 20 19 
1000 sq.ft. 24 21 20 
25 2 18 
26 2 18 
2? 0 IS 
20 0 18 
Beo.22 1 19 
23 1 19 
Prom November ^ to Deoember 9 no elugs were recorded 
In the treated plot; from l^eoember 9 to 22 one slug was 
reoorded each day. Tbe obeek plot averaged 18 eluge. 
Table 21« Effects of 3> Nicotine Pust on Slugs at 
Lyman Plant Houee| Smith College, Northamp* 
ton. Bate of Applloatlon was November 24,1952. 
Material 
al^ Eats .-.Pate.. 
Kleotln. NoV.SStldSa 
dueti 1 lb./ 23 
100 eq, ft. 24 
25 
06 
27 
28 
Deo.22 
23 
glMif ifiHitg.. 
Tr..ted not Ch.BH not 
17 16 
18 17 
17 15 
3 16 
3 16 
3 18 
5 16 
4 16 
4 19 
Prom November 28 to Beoeaber 22 an average of 9 slugs 
was reoorded. The oheok plot averaged 17 slugs. 
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Table 22. Effects of Z% Nicotine Past on Slugs at 
Butler and Ullman Greenhouse> Hadley Branch. 
Bate of Application was November 4> 1952. 
Number of Slugs Alive 
Treated Plot Check Plot 
Numbers_Numbers 
Material 
^nd Rate Date 7 ? n 2 10 
3^ Nicotine Nov.1,1952 6 8 8 7 8 
dust! 1 lb./ 2 0 8 8 7 8 
100 sq.ft. 3 6 8 8 8 7 
4 6 6 8 8 6 
5 3 5 5 7 9 
6 3 6 5 7 9 
7 3 6 3 7 8 
e 2 2 1 6 8 
9 2 2 2 7 7 
Dec.22 6 2 3 7 9 
23 6 3 4 7 9 
— Prom November 9 to December 22 an average of four slugs 
was recorded for plots 7,9 and 11. The check plots averaged 
7 slugs. 
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Table 23. Effects of Snalllclde A on Slugs at 
Butler and Ullman Greenhouse, Hadley Branch. 
Date of Application was November 4, 1952. 
Number of Slues Alive 
Treated Plot Check Plot 
Numbers Numbers 
Material 
and Rate Date 1 3 5 2 10 
Snalllolde A Nov.1,1952 8 14 7 
2 Ibs./lOOO 2 7 14 6 
sq.ft. 3 6 13 6 
4 7 14 6 
5 0 0 0 
6 0 0 0 
7 0 0 0 
Dec.22 120 
23 12 0 
7 8 
8 9 
8 7 
8 8 
7 9 
7 9 
7 8 
7 9 
7 9 
— From November 7 to November 28 no slugs were present; 
from November 26 to December 22 one slug was recorded In 
plot No. 1. From November 7 to 27 no slugs were recorded 
In plot No. 3. From November 27 to December 6 one slug 
was recorded; thereon to December 23 two slugs were re¬ 
corded. No slugs were recorded In plot No. 6, The check 
plot averaged 7 slugs. 
Table 24. 
—6<5~ 
Effects of Snaillclde A on Slugs at Butler 
and Ullman G^reenhouse, Northampton Branch. 
Cate of Application was December 2, 1962, 
Material 
and Hate Date 
Number of Slugs Alive 
Treated Plot Check Plot 
Snalliolde A Nov.50,1952 18 18 
2 Ibs./lOOO Deo. 1 21 18 
sq.ft. 2 22 18 
3 0 18 
4 0 18 
5 0 19 
6 0 20 
dan, 8,1963 4 18 
9 4 18 
-- No slugs appeared until December 27} at that time 1 
slug was recorded for 4 days. This was Increased to 2 
slugs for 4 days and then to 4 slugs for the rest of the 
experiment. The check plot remained nearly constant In 
the number of slugs. 
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Table 25. Effects of Snailloide 6 on Slugs at Butler 
and Ullman G^reenhouse, Hadley Branch. 
Date of Application was NoTember 25, 1952* 
_Nufnber of Slugs Alive 
Treated Plot Check Plot 
Numbers_Numbers 
Material 
and Rate Date 1 S 5_2 10 
Snailioide B Nov.23,1962 4 8 2 4 3 
2 Ibs./lOOO 24 4 8 2 4 3 
sq.ft. 25 6 7 3 4 4 
26 0 0 0 4 4 
27 0 0 0 4 4 
28 0 0 0 4 4 
29 0 0 0 4 4 
Deo.22 0 0 0 3 6 
23 0 0 0 3 5 
— No slugs were recorded in plots 1,3 and 5 for 28 days. 
The check plots averaged 4 slugs. 
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Table 26. Effects of Tonaolde on Slugs at Lyman Plant 
House, Smith College, Northampton. 
Date of Application was November 84, 1952. 
Material WwMZ.P.t. .ALIXa_ 
and Rate Date Treated Plot Check Plot 
Tonaolde 
1 lb./60 sq.ft. 
Nov.22,1962 16 17 
23 15 16 
24 14 16 
26 6 16 
26 6 16 
27 5 16 
Deo. 4 5 15 
6 5 16 
6 ♦ 
* Discontinued experiment on December 6, 1952 because 
this room was rearranged for Christmas. In the 11 day 
period of this experiment an average of 5 slugs was 
recorded for each day. The check plot maintained a 
constant number. 
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Dlflougglon of Data Under Commercial G^reeahouse 
Conditions - The materials used for the slug control 
program under oommerolal greenhouse conditions are In¬ 
cluded In the aforementioned Table 16. In the applica¬ 
tion of dusts, a plunger-type hand duster was employed. 
The other materials were scattered by hand. 
The materials were applied at the Lyman Plant House 
at night from 8t30 p.m. to 10:30 p.m. At both the Butler 
and Ullman branch greenhouses application of the materials 
was made In the morning—10:00 a.m. to 11:45 a.m. 
The results In Table 17 show that Bug-geta gave an 
effective control. This was replicated three times. 
After a period of 49 days, a 100 per cent mortality was 
recorded In the treated plots 4 and 8, and 87 per cent In 
plot 6. These pellets were scattered throughout the plots, 
near the base of the plants. 
A 100 per cent mortality was recorded with the 6 per 
cent metaldehyde dust treatment. This was replicated 3 
times—Indicated In Table 19. The 10 per cent metaldehyde 
dust* Table 20* produced a 99 per cent mortality in the 
one exx>erlment In which It was used* 
The effects of Snalllolde A, Tables 23 and 24, indi¬ 
cated that for a period of 22 days a 100 per cent mortali¬ 
ty was recorded; then followed by 98 per cent for 27 days. 
This was replicated four times. With Snalllolde B, Table 
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26, a 100 per cent mortality was observed for 28 days. 
This experiment was replloated three times. 
The 3 per cent nicotine dust, Tables 21 and 22, gave 
a poor control. This material was used In four experi¬ 
ments. In one experiment, an 83 per cent mortality was 
recorded for 25 days; this was followed by 77 per cent 
for 4 days. The number of slugs In the other three tests 
varied considerably, with changes almost every day. The 
per cent mortality varied greatly but never resulted In a 
100 per cent mortality. 
The 6 per cent Chlordane dust, Table 18, was observed 
to give a very poor control. This was replicated three 
times. No slugs were seen the first two days after appll- 
cation. Probably this material repelled the slugs tempora¬ 
rily. This material probably did not kill because no dead 
slugs were found. Two days after application the slugs 
appeared in various numbers. 
Table 26 shows the effects of Tonaclde on slugs. The 
day after treatment a decrease of approximately 60 per cent 
resulted. The reduction remained about the same for eleven 
days. Counts were discontinued after eleven days because 
the flower plants were replaced and rearranged for Christ¬ 
mas. This material gave a fair control. 
Results of the experiments Indicate that metaldehyde 
6 per cent and 10 per cent, Snalllolde A and B and Bug-geta 
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are the only materials tested that kill a high percentage 
of the slugs* The other produced a fair to poor control. 
From the standpoint of cost, ease of application 
and efficiency^ Bug-geta pellets were the best. From the 
standpoint of control, the metaldehyde dust preparatloaas 
would appear beat. 
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S^vey Results - After completing the survey of forty- 
four greenhouses, the writer observed D, reticulatum to be 
the species most universally found, while D* laeve was 
present in a few cases. Their distinguishing characteristics 
are differences in length, external markings and color* These 
characteristics are according to Pilsbry (19^8): 
D* reticulatum 
slime 
viscous, becomes 
milky-white on 
irritation 
length 
35 mm* to 50 mm* 
2* laeve 
watery, not especially 
adhesive 
25 mm* 
external markings 
and color 
cream or flesh colored usually blackish, may be 
with grey or blackish of various shades of 
irregular markings or amber - without spots or 
reticulations markings 
The crops that slugs damaged the most in these greenhouse 
were anemones, eucharis lilies, petunias, orchids, begonias 
and carnations* 
The survey showed that a wide range of materials was 
used for slug control* The growers who used poison baits 
employed commercial preparations such as Snarol (tricalcium 
arsenate 5%^ raetaldehyde l*75.^f and inert ingredients 93*25^) 
and Go-West (barium fluosllicate 3*5;^ and apple pulp 96*5^)* 
None compounded their own baits of metaldehyde* Dusts were 
also used, as for example, hydrated lime, copper sulfate and 
Tonaclde (naphthalene 75%^ nicotine 0m2% and inert ingredients 
-76- 
2k»S%)w A few of the growers hand-picked the slugs since 
their infestation was very small* All of the greenhouse 
keepers enforced a sanitation program* This was accomplished 
by insisting upon a thorough cleaning and disposing of the 
debris, old pots and boxes* 
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CONCLUSIONS 
!• Slugs are serious pests to greenhouse crops, 
especially If present in great numbers. Both immature 
and mature slugs cause plant damage by feeding on the 
various parts of a plant. Plants in all stages of develop^ 
ment are attacked. The presence of slugs can always be 
distinguished by the trails of dried, glistening slime. 
2. Under conditions of this study, slugs did not 
reach sexual mattirity within a period of 112 days. No 
data are at hand regarding the longevity of the slug from 
egg to maturity. 
3. In a detailed study of the deV6lox>mental period 
of the egg stage, 84 per cent completed development be^ 
tween the 17th and 23rd day after oviposit ion. The mini¬ 
mum length of time was 17 days sind the maximum was 34. 
In 16 weeks the average size of the slug, fully extended, 
was 3.23 cm. long and 0.65 cm. wide. 
4. D, retioulatum was found to be the prevalent 
species in the forty-four greenhouses surveyed within a 
twenty mile radius of Amherst, Massachusetts. D. laeve 
was found in a few cases. Molluscicides generally 
employed by many of the growers were commercially pre¬ 
pared materials, for example, Snarol and Tonaoide. 
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5. The host list for slugs is nearly limitless. The 
writer observed, in an experiment on the host preference, 
that slugs attacked carnation, green coleus, petunia, 
radish, string bean, cucumbers and sweet peas as well as 
others. A list of tropical and semi-tropical plants in* 
Jured by D. retioulatum was compiled. The writer was very 
fortunate in obtaining such a listing because these plants 
are not the usual type grown in local greenhouses. Cinna¬ 
mon, black pepper and banana were among the forty. 
6. Twelve materials were used in preliminary tests 
to determine which is the most effective in controlling the 
gray garden slug. Results of these tests showed that 
Snailicide A, Snailicide B, 10 per cent metaldehyde dust 
and 15 per cent metaldehyde dust were toxic to slugs when 
applied to the soil surface and test plants. These mater¬ 
ials are highly desirable because they do not cause injury 
to the plant and are also easy to distribute in comparison 
with metaldehyde baits. After coming in contact with this 
poison the slug is immobilised and secretes slime profusely. 
The Bug-geta pellets also gave an excellent control and 
were very easy to distribute. In order to be effective 
these pellets must be wet thoroughly with water at first. 
Tonaolde and 3 per cent Nicotine dust gave a fair control 
but killed more slowly than the materials previously men¬ 
tioned. In comparing the American-made metaldehyde, Meta- 
meal, with the Canadian-made, Meta-slug Killer, the writer 
observed the latter to be somewhat better for kills were 
obtained at least a day or two sooner. Dusts of 2^ per 
cent Dleldrln, 5 per cent Chlordane and 60 per cent DDT 
gave almost no control. 
7. Further work under comtnerolal greenhouse condi¬ 
tions followed the preliminary testa. Of the twelve 
materials used In the preliminary control work, 8 were 
used. Population counts were made at least three days 
before treatment started. Lettuce as a bait placed under 
a board was a means of sampling, and from this an estimate 
of the population was obtained. Counting the slugs seen 
at night was also used In estimating a population. As In 
the preliminary teste, metaldehyde dust, either 5 per cent 
or 10 per cent, and Snalllclde A or B gave excellent re¬ 
sults under commercial greenhouse conditions. Bug-geta 
was next In giving excellent control. Both Tonaclde and 
3 per cent Nicotine dust gave a poor control, while 6 per 
cent Chlordane gave almost none. 
8. Chemical control using metaldehyde dusts appear 
to be the most effective means of control. Bug-geta 
pellets are also highly recommended. With the use of 
these and a rigidly followed sanitation program, the 
greenhouse grower should have very little trouble with 
slugs. 
-79- 
SUMMARY 
1. Greenhouse plants are made unsightly by the slug 
damage and as a result their sale value Is greatly re¬ 
duced. Consequently, most commercial greenhouse opera¬ 
tors have some program of slug control. 
2. In a detailed study of the developmental period 
of the egg stage 84 per cent completed development between 
17 and 23 days. The minimum length of time was 17 days 
and the maximum was M, 
3. No data were obtained by the writer regarding the 
average longevity of the slug from the egg to sexual 
maturity. The writer found that at the end of 112 days 
the slugs had not reached sexual maturity, 
4. A survey of forty-four greenhouses was made and 
S.* retlculatum was found to be the most prevalent species. 
£ laeve was found In a few oases. 
6. Hetaldehyde dust 5 per cent, 10 per cent and 15 
per cent and Snaillolde A and B are highly toxic to slugs. 
Bug-geta pellets are also very effective In slug control 
and are recommended, more so than the metaldehyde dust 
compounds because of the cheaper price and the ease In 
distributing. Pellets can be scattered over the beds 
near the base of plants, thus making application simple. 
«80- 
Nlootlne dust and Tonaclde gave a fair control. Chlor- 
dane gave almost none. 
6, A program consisting of good sanitation together 
with monthly applications of a good mollusoiolde, where 
needed, will reduce the slug problem to minor proportions. 
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